Purpose. To evaluate the associations between isolated anteromedial (AM) or posterolateral (PL) bundle tear of the anterior cruciate ligament (ACL), the time from injury to surgery, and various clinical tests. Methods. 36 women and 189 men aged 16 to 52 (mean, 26.4) years underwent ACL reconstruction of the right (n=107) and left (n=118) knees. Patients were evaluated for the International Knee Documentation Committee Subjective Knee Score, Cincinnati Knee Rating System Score, anterior drawer test, Lachman test, pivot shift test, KT1000 arthrometer measurement, isokinetic muscle tests of the extensors, and functional tests (single leg hop and timed hop test). Examination under anaesthesia (EUA) was also performed, followed by diagnostic arthroscopy. The integrity of the ACL bundles was tested using a probe. The AM and PL bundles were morphologically intact if structurally present, and functionally intact if not lax on probing.
introduction
As double-bundle anterior cruciate ligament (ACL) reconstruction has become increasingly popular, isolated anteromedial (AM) and posterolateral (PL) bundle injuries are better recognised.
1 38% of partial ACL tears progress to complete ACL deficiency, 2 and 62% of patients with partial tears develop unstable knees and have significant decrease in activity levels. 3 Furthermore, 11% of patients with partial ACL tear undergo reconstruction of the ACL within the first year owing to progression to complete rupture. 4 The AM bundle has constant in situ forces during knee flexion, whereas the PL bundle has high in situ forces between 0º and 30º flexion but rapidly decrease thereafter. 5 Both bundles provide resistance to anterior tibial translation. The AM bundle contributes to the anterior stability between 60° and 90° flexion, whereas the PL bundle contributes to the anterior stability near full extension. The PL bundle is more important in controlling the rotational stability of the knee in 0º to 30º flexion. 6 Patients with symptomatic AM bundle tears usually present with a positive anterior drawer test and Lachman test, and negative or slightly positive (grade 0 to 1) pivot-shift test, and the KT-1000 sideto-side difference is usually 2 to 4 mm. 1 Patients with symptomatic PL bundle tears usually present with a positive pivot-shift test, and slightly positive anterior drawer test and Lachman test, and the KT-1000 sideto-side difference is usually 1 to 3 mm. 1 The KT-1000 test cannot differentiate between isolated bundle tears and complete tears. 7 There are no reliable preoperative clinical assessment tools to differentiate accurately the ACL tear patterns.
The study aimed to evaluate the associations between isolated AM or PL bundle tear of the ACL, the time from injury to surgery, and various clinical tests. We hypothesised that patients with isolated bundle tear had shorter injury-to-surgery time and could be identified by clinical tests. The time of injury was determined from patient's memory and medical records; the mean time from injury to surgery was 17.0 (range, 1-147) months. Patients were evaluated for the International Knee Documentation Committee Subjective Knee Score, 8 Cincinnati Knee Rating System Score, 9 anterior drawer test, Lachman test, pivot shift test, KT1000 arthrometer measurement at 15, 20 and 30 lb forces, isokinetic muscle tests of the extensors at 60º, 180º, and 240º per second, and functional tests (single leg hop test and timed hop test). 10 On the day of ACL reconstruction, examination under anaesthesia (EUA) was performed, followed by diagnostic arthroscopy through the standard AL portal ( Fig.) . The integrity of the ACL bundles was tested using a probe through the standard AM portal. The AM bundle was probed at 90º knee flexion1 and the PL bundle was probed in a 'figure of 4' position. 1, 11 The AM and PL bundles were morphologically intact if structurally present, and functionally intact if not lax on probing.
MATERIALS AND METHODS

Between
Two-sample t test was used to compare the means of the continuous variables. The Fisher's exact test was used to compare the categorical variables. A p value of <0.05 was considered statistically significant. 
discussion
Although a proportion of partial ACL tears treated conservatively may progress to complete ACL tears, [2] [3] [4] [12] [13] [14] [15] [16] it remains controversial to perform ACL reconstruction for patients with a functionally and arthroscopically intact PL bundle. 17 Pivot shift test is useful to detect isolated PL bundle tear, as patients with intact PL bundle present with negative pivot shift test indicating no anterolateral rotatory instability. They also present with a higher rate of negative Lachman test during EUA, as both AM and PL bundles provide anterior stability. 6, 18 The anterior drawer test is less sensitive owing to secondary stabilisers of the knee including the osseous contour of the joint, the posterior horns of the menisci, and the collateral ligament. 19 The rates of isolated AM and PL bundle tears have been reported to be 2.8% to 12.6% and 1.6% to 8.6%, respectively. 7, 11, [20] [21] [22] [23] In our study, the respective rates were 3.6% and 0.9%. The apparent discrepancy may be due to the use of different methods to test the integrity of the bundle, especially the PL bundle. One study evaluated the PL bundle status arthroscopically by positioning the knee in a 'figure of 4' position and reported an exceptionally high rate of isolated PL bundle tears 11 ; it was criticised for not performing EUA and not examining the ACL through the AM portal. 22 The decision to perform bundle augmentation is based on the EUA and arthroscopic findings. 7 Augmentation is indicated when the ACL remnant is observed to bridge the femur and tibia anatomically, with a thickness of more than half of the AM or PL bundle, and <5 mm laxity on probing. 7 There is no reliable preoperative clinical examination to detect isolated AM or PL bundle tears. KT-1000 side-to-side difference is usually smaller in patients with isolated bundle tear, 1,17 but this was not confirmed in our study and another study. 7 International Knee Documentation Committee Subjective Knee Score, Cincinnati Knee Rating System Score, functional tests, and isokinetic knee extensors test cannot differentiate the ACL tear patterns; neither can magnetic resonance imaging (MRI) using a lowfield strength with standard views, as acute bleeding in remnant fibres leads to signal change and likely misdiagnosis. 17 In addition, the tension of the intact bundle is difficult to assess by MRI. 17 The diagnosis rate of MRI is around 70%. 7 Thus, clinical examination (including EUA) is indispensable in the management of ACL deficient knees. When the pivot shift test is negative, an EUA is as valuable as an MRI. 17 This study had some limitations. Only patients with symptomatic ACL deficiency who underwent reconstruction were included. The rate of isolated bundle tear and correlation with various tests were unknown among ACL-deficient patients on conservative treatment. Moreover, an objective tool to ascertain the isolated AM or PL bundle laxity was absent. Probing the ACL intra-operatively to determine integrity of bundles is subjective. Only 0.9% of our patients were detected to have isolated PL bundle tear functionally; the number was too small to attain any statistical significance.
conclusion
The time from injury to surgery was significantly shorter in patients with isolated AM or PL bundle tear, compared with those with complete tear. In patients with ACL deficiency, the pivot shift test was useful in detecting an intact PL bundle.
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